Introduction: Inappropriate use of antibiotics has led to antimicrobial resistance, a major public health challenge worldwide. This study aimed to explore beliefs, knowledge, and practice on antibiotic use among general public. Methodology: Cross-sectional study was conducted at 13 hospitals and 44 primary health clinics in Perak from May to July 2017. Adults above 18 years, literate, and had experience in antibiotics consumption were selected through sequential sampling method. Data was collected using a self-administered questionnaire which included the three study domains i.e. belief, knowledge and practice. The questionnaire was pilot on 30 subjects. Results: Out of 2850 distributed questionnaires, 2773 returned and 2632 were included for analysis. Mean age of the respondents was 39.7 ± 14.5 years old. Most respondents were female (58.6%), Malay (74.7%) and underwent upper secondary school (45.6%). Mean score were generated for each domain with belief: 5.87 ± 3.00 (total score: 12), knowledge: 15.82 ± 3.85 (total score: 24), practice: 6.91 ± 2.07 (total score: 12). In the belief domain, 63.2% of respondents believed that antibiotics would help them to recover faster. In the knowledge domain, 52.7% of respondents inappropriately thought that antibiotics could work on viral infections. In the practice domain, 70% of respondents expected doctors to prescribe antibiotics if suffered from symptoms. Conclusion: Majority of the respondents expect doctors to prescribe antibiotics for their illness, and most believes that antibiotics can speed up recovery of illness. Lack of awareness on antibiotic resistance was found to be a significant factor associated with inappropriate antibiotic use.
Introduction
Antibiotic resistance has been a growing threat and a major issue worldwide. There has been an inexorable rise in superbugs such as methicillin-resistant Staphylococcus aureus (MRSA), extended spectrum beta-lactamase bacteria (ESBL-bacteria), and carbapenem-resistant Enterobacteriaceae (CRE) which increase hospitalisation and mortality rate. Moreover, there is a dearth of new antibiotics with the antibiotic development pipeline running dry over the past few decades [1] [2] [3] .
There are many reasons attributed to the misuse of antibiotics such as the high prevalence of inappropriate antibiotic prescription [4] [5] . The irrational use of antibiotics is prominent in cases of upper respiratory tract infections (URTI) in which most of these infections are caused by viruses whereby the role of antibiotics is not justified as they have no efficacy against viral infections [6] .
The beliefs and knowledge among the public towards the power of antibiotics also contribute significantly towards the emergence of antibiotic resistance [7] . A study has reported that Malaysians have inadequate knowledge about antimicrobials, which ultimately increases the likelihood of incorrect practice and use of antimicrobials [8] . Many people are under the impression that antibiotics are a cure for every form of ailment. Some fail to understand the importance of completing the full course of antibiotics and thus cease taking their medications upon the first signs of recovery [9] .
In the 68th World Health Assembly in May 2015, a global action plan on antimicrobial resistance was endorsed in order to tackle this crisis. One of the strategic objectives was to improve public awareness and understanding about antimicrobial resistance. In the course of implementing the objective, WHO launched its first awareness campaign in year 2015 [10] . Malaysia echoed the call and started organizing antibiotic awareness campaign nationwide since then annually. However, to the best of our knowledge there was no study evaluating the efficacy of the campaigns conducted in improving the knowledge and practice of antibiotic use among the general public.
Therefore, this study aimed to explore the current belief, knowledge and practice towards antibiotic use and to determine the population characteristics associated with inappropriate use of antibiotics. This study was particularly designed in view of the high usage of antibiotics in Malaysia and the lack of such study being carried out especially in the state of Perak, situated in the northwest of peninsular Malaysia. The findings from this study will guide the development of optimum strategies to curb irrational use of antibiotics.
Methodology

Study design and administration of questionnaire
A cross-sectional study was conducted for a period of three months from May to July 2017 involving 13 hospitals and 44 primary health clinics in Perak using a self-administered questionnaire. Study subjects were attendees of the participating hospitals and primary health clinics. A minimum sample size of 2208 was needed in this study based on the calculation using Epicalc, with a precision of 4% and at confidence interval of 95%.
Study subjects were selected using sequential sampling method whereby every fifth attendees at each study site was approached to participate in this study. The inclusion criteria were: (i) adult (above 18 years old) (ii) able to read and understand Malay or English language (iii) have taken antibiotics at least once in their life. Written informed consent was obtained from all the respondents after explaining the nature and objectives of this study. Respondents were excluded from this study if they are not willing to participate or they have no experience in consuming antibiotics. All the information was collected anonymously and the confidentiality was maintained.
Questionnaire development and structure
A self-administered questionnaire with five sections was adapted and modified from previous studies [4, [6] [7] [8] . Section I contained six questions which captured the demographic information of the respondents while Section II captured the history of their antibiotics use. Section III consisted of 11 items with a dichotomous scale of 'Yes' or 'No' which assessed the practice of respondents towards antibiotic use. Last but not least, respondents' belief and knowledge towards antibiotic use were assessed using a 5-point Likert-scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree and 5 = strongly agree) in section IV and section V respectively.
The self-administered questionnaire was developed in English language, and translated into Malay language. Face and content validation of the questionnaire were carried out by a panel of academics and hospital pharmacists. The feedback gathered from the panel was used to modify the questionnaire before conducting the pilot study among 30 study subjects. Reliability was assessed using Cronbach's alpha coefficient in section III (practice), IV (belief) and V (knowledge). The reliability was supported with all items in section III, IV and V showing acceptable correlation coefficient (i.e. α > 0.7).
Statistical analysis
Only questionnaires that were more than 80% complete were included in the analysis to prevent statistical bias. This meant that questionnaires with a total of 7 or more questions unanswered from Section III to Section V were excluded from the analysis. Numerical data were expressed as mean ± standard deviation. "Inappropriate responses" were defined as incorrect practice for Section III, incorrect belief in Section IV and incorrect knowledge in Section V.
All the data collected was entered into Microsoft Excel 2013 (Microsoft Corporation, Redmond, Washington, United States). Responses were coded and analysed using IBM SPSS statistical software version 20.0 (SPSS Inc, Chicago, Illinois). Demographic characteristics, background use of antibiotics, practice, belief, and knowledge scores were descriptively reported. The differences between mean scores were explored using t-test or ANOVA where appropriate. Demographic characteristics which contributed to inappropriate practice, belief, and knowledge were identified using multivariate logistic regression. The relationship between belief, knowledge, and practice towards antibiotic use was determined using Pearson's correlation while the correlation between related statements was examined using the Chi-square test. The level of statistical significance was set at p < 0.05.
Results
Out of 2850 questionnaires distributed, 2773 responses were returned. However, 141 were incomplete and thus 2632 responses were included into final analysis (94.9% usable response). The demographic characteristics of the respondents were presented in Table 1 . The mean age of the respondents was 39.7 ± 14.5 years, with 34% of the respondents were between 18 to 30 years old. Most respondents were female (1542, 58.6%), Malay (1966, 74.7%), and underwent upper secondary school (1200, 45.6%). A total of 1092 (41.5%) respondents or their family members worked in health-related sectors.
One-way ANOVA was performed to determine the association between various characteristics with mean scores (Table 1) . Respondents' gender, highest academic level, healthcare related occupation, and knowledge on antibiotic resistance had significant association with mean belief, knowledge and practice score (p < 0.05). Besides, respondents' age had significant association with mean knowledge score (p = 0.007) and practice score (p < 0.001). Lastly, race was found to be associated with knowledge score (p = 0.002). Figure 1 showed the last antibiotic consumption date of the respondents. Most of the respondents (974, 37%) reported that they had not taken any antibiotic for more than one year, while only 15.3% of the respondents (n = 401) reported that they had taken antibiotics within one month prior to this study.
Background of antibiotic use
More than one quarter of the respondents (764, 29%) reported taking antibiotics at least once in the past one year. Almost all (2421, 92%) of the respondents obtained antibiotics through doctor's prescription, while the remaining 10% of the respondents admitted that they self-medicated with antibiotics without consulting a doctor. A total of 51% (1342) respondents self-evaluated their knowledge in antibiotics usage as good. However, 67% of these respondents (1763) have not heard about antibiotic resistance. The common reasons for taking antibiotics were fever (1535, 58.3%), sore throat (897, 34.1%), open wound (753, 28.6%), cough (719, 27.3%), inflammation (698, 26.5%) and flu (582, 22.1%) (Figure 2 ).
Public belief in antibiotic use
The belief score ranged from 0 to 12 points, with a mean score of 5.87 ± 2.99. The highest inappropriate response was believing that taking antibiotics can help to recover faster (1659, 63.2%), followed by antibiotics can protect one's condition from becoming worse (1480, 56.4%) ( Table 2) .
Public knowledge in antibiotic use
The knowledge score ranged from 0 to 24 points, with a mean score of 15.82 ± 3.84. The percentage of inappropriate responses for 12 knowledge statements was summarised in Table 3 . My antibiotic medication protects me from becoming worse. 56. 4 5 People who take antibiotics should stop their treatment when symptoms improve. 35. 8 6 My health in the future will depend on antibiotics 17.2 Among these inappropriate responses, 52.7% (n = 1386) of the respondents thought that viral infection can be cured by taking antibiotics, followed by 37.8% (n = 995) respondents thought that antibiotic can be stopped once symptoms of illness have improved. Moreover, 35.8% (n = 940) of the respondents agreed that taking low dose of antibiotics is better than not taking any dose.
Public practice in antibiotic use
The practice score ranged from 0 to 10 points, with a mean of 6.91 ± 2.07. Table 4 showed the percentages of inappropriate responses for 10 practice statements. The highest inappropriate response was respondents have high expectation on their doctor to prescribe antibiotics (1845, 70.1%), followed by taking antibiotics to prevent illness from getting worse (1737, 66.0%). Besides, almost half (1263, 48%) of the respondents admitted that they stop taking antibiotics once their illness or symptoms improved.
Pearson correlation coefficient demonstrated positive correlations between respondents' belief, knowledge and practice. The mean knowledge score was strongly correlated with mean practice score (r = 0.553, p < 0.001). Where else, mean belief was moderate correlated with mean score of practice (r = 0.342, p < 0.001) and the mean score of knowledge (r = 0.342, p < 0.001) respectively.
Positive correlations were found between a few knowledge statements and practice statements.
Respondents who thought that antibiotics should be stopped when the symptoms of the illness improved were practicing it (p < 0.001). In addition, positive correlation was noted between respondents who Stepwise multiple logistic regression analysis was performed and adjusted odds ratios for belief, knowledge and practice statements were shown in Table 5 , 6 and 7 respectively, along with demographic characteristics. Male respondents, aged younger than 60 years old, with non-tertiary level education, and have not heard of antibiotic resistance were found to have higher odds in using leftover antibiotics and not completing whole course of antibiotics. (Table 5 ).
In the belief domain, respondents who were not aware of the term 'antibiotic resistance' were found to have significantly higher odds of inappropriate responses in all the statements. Males and respondents aged 18-30 years were found to have higher odds to falsely believe that antibiotics should be stopped when symptoms improved and that their health in future will depend on antibiotics (Table 6 ).
In the knowledge domain, all respondents who had not heard about antibiotics resistance had significantly higher odds of inappropriate knowledge. Males and respondents age between 18-30 years were found to have higher odds of inappropriate knowledge on adhering complete course of antibiotics regime and also taking leftover antibiotics (Table 7 ).
Discussion
The current study found that 10% of the respondents self-medicated with antibiotics and this finding was consistent with the previous study [11] . The main sources of antibiotic supply without prescriptions were community pharmacies and purchasing from private clinics without consulting the doctor. The same sources of antibiotics were previously described, where most of the community members in Putrajaya and Penang preferred to obtain their antibiotics from retail pharmacy or private clinics if they chose to selfmedicate [8, 12] . This shows that antibiotics are still easily accessible without prescription which in turn implies that the health care system especially community pharmacies and private clinics are still struggling to cope with their task in enhancing rational antibiotic use [13] .
Majority of the respondents (n = 2026, 77%) mistakenly thought that symptoms caused by virus infection can be treated with antibiotic, notably fever, sore throats, colds and flu. Similar misunderstandings were reported in previous studies whereby more than 80% of the respondents thought that antibiotics can be used to treat viral infections [8, 10, 12] . This shows that the respondents were unaware or confused about the actual role of antibiotics and might have mistaken antibiotics as equivalent to antipyretics and analgesics.
In addition, most of the respondents had inappropriate belief on antibiotic use. Most of them believed that they can recover faster from the symptoms and prevent worsening of symptoms by taking antibiotics [8, 12] . These responses were mainly found in respondents with lower secondary school education, whose occupations were not related to healthcare and had no knowledge on antibiotic resistance. There is a need to develop effective educational programme for those community members from the lower social classes with lower educational background, in order to impart essential information on appropriate use of antibiotics among this group of people.
This study found that inappropriate knowledge about antibiotic use was common, which may further lead to inappropriate use of antibiotics and increased risk of antibiotic resistance emergence. The most common misconceptions were about the role of antibiotics, with more than 70% of the respondents answered that antibiotics can be used to treat viral infection and 36% answered that taking low dose of antibiotic is better than not taking at all. These figures are comparable to the previous study [8] . Future public educational programmes might need to focus on these areas of inappropriate knowledge among the public.
A WHO report showed that developing countries have a higher rate of inappropriate responses, whereby more than half of the respondents in Sudan (62%), Egypt (55%) and China (53%) agreed that they should stop taking antibiotics when they feel better [10] . However, this study found that only 37.8% of the respondents stopped taking antibiotics once symptoms improved, which was slightly lower compared to the previous studies [8, 10, 12] . A minority of respondents reported self-medication using antibiotics without consulting a doctor (10.0%, n = 264), using leftover antibiotics (2.8%, n = 75), and sharing of antibiotics for similar symptoms (20.4%, n = 537). This might be due to the results of various campaigns organised by the Ministry of Health Malaysia, including Quality Use of Medicine Campaign, Know Your Medicine Campaign and World Antibiotic Day Campaign which had improved the public knowledge pertaining to completion of antibiotics course. However, further studies are needed to evaluate the actual impact of these campaigns towards the knowledge of public.
More than half (66.5%) of the respondents in this study had no knowledge about antibiotic resistance, which was consistent with one study conducted in India [14] , but unlike the previous survey done by WHO [10] , whereby only 30% of the respondents from all countries surveyed stated that they have not heard of the term. This implies that more targeted awareness campaign might be needed to increase awareness of antibiotic resistance among the general public. It is beneficial for future studies to explore the level of awareness of urban and rural population, in order to develop targeted strategies in future antibiotic awareness campaign.
This study found that most of the respondents had poor practice in which 66% of them admitted taking antibiotics at the early stage of the illness to prevent it from worsening and expected the doctors to prescribe antibiotic when they experienced some illnesses. This was consistent with the previous study findings [8, 11] . These responses were mainly found in respondents of the age group less than 60 years old with the educational background of higher secondary school and below, as well as those with no family members with occupations related to health care. On the other hand, more than 80% of the respondents did not keep extra antibiotics for emergency use nor purchase antibiotic without prescription.
On an encouraging note, a few knowledge aspects have been improved to a notable extent compared to previous studies [8, 12] . A large proportion of the respondents were able to correctly identify the use of antibiotics for treating bacterial infection. Although slightly more than half of the respondents still thought that viral infection could be cured by taking antibiotics, the percentage of inappropriate responses had been reduced by more than 30% compared to previous studies [8, 12] . Future educational materials should be developed to remedy the identified knowledge gaps among the public by including relevant information to correct popular misconceptions regarding antibiotics [15] .
There were several limitations in our study. Firstly, recall bias might occur because all the responses were dependent on the honesty and reading comprehension of the respondents. Secondly, these findings might not be generalizable to the whole country because it was conducted in the state of Perak. Next, the extent of exploring the level of understanding and intent of the respondents was limited because this study used closedended survey questions. Thus, future study is needed to further explore the reasons of inappropriate antibiotic use through qualitative approach such as in-depth interviews.
The study findings exhibited the need for more targeted educational intervention. Certain aspects of knowledge aspects had been improved compared to previous studies [8, 12] . Awareness and targeted education campaigns should be conducted to educate the public on antibiotic usage as well as the danger of antibiotic resistance [15] . For example, age-appropriate educational material regarding medicine and antibiotic use can be introduced in schools. Besides, healthcare professionals should play their role in providing proper counselling to the patients in term of antibiotics use [15] . Private clinics and community pharmacies being the main source of antibiotic supply should also practise rational antibiotic prescribing and dispensing [13] .
Conclusion
Majority of the respondents expect doctors to prescribe antibiotics for their illness, and most believed that antibiotics can speed up recovery of illness. Lack of awareness on antibiotic resistance was found to be a significant factor associated with inappropriate antibiotic use. Future education campaigns should focus on the indication of antibiotic use and increasing awareness towards antibiotic resistance.
